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By Choriles H. HcThellan ond Welter A, Zertlert, Jr.

IATRODYCLICT

The increcnsed comnlexity c¢f modern airplsne-engine in-
stnllationg, with ocrtensive uce of duct systens, has great-
lv ircroeszed tlhe imvortance ol well-designed bcnéq in ducts
The in "vredioning of alrernlt cnrburetors, for ia-
stnnce Dlared irn many cnscg on thoe poer ducting

ad

raonches the carbuarctor., Amons the major

(@]
)
1o
H

faLit VAN in the cucting syryetedas ig the inmproper design
of elbores just bhelcere hthe CQTuUTOtOT.

wurpose of trhis investigation was to ob-

Yor wee tn alrplanc carburctor air in-

ag low losscs and good veloelity distri-

umse of turanincs varcs, This investigza-
to be a cemplete study of duact clbows,
BWeows of nroporticors which weroe

ATPPLAPATUS AUD LIETHNCD

The teste worn conductod uweing & r ctonbular duct
naving a width w 2.507 tinaes as srent ag thoe depth, d,
&3 ? s
aad hoviag the ¢lbow in o horizontal Tla ¢. This ratio,
mv/ d, wh i

C‘O

211 be called taoe aospect rntio o1 thoe duct,
wae choscn since it is annlicable to the carburctor for a
nodern airnlan. cangine, Other pronortiong, which are
shown in Jicurc 1, were chosen ac likely pronortions in
engine installations,

ests were nade at a Reynolds nurnber of nbout
aseo he denth of tue duet, which was 2,620

¢ lensth of sbout nine tines the duct
uild up o b‘oundary layer approxinating
tunl instnllation,

The »ir wae drawn throuvsh the dvet by a blower mounted
in *he rvenr of tho cntrance tube and c¢lbow., This allowed



trae entronce tnbe nlone %o dobternine the type of flew and
amount orf boundrry leyor,

A rrke nmeasursd the ctaftic and total prescure distri-
butlon ncress the lepth of the duct baclk of the eluow.
locnition of the rok%e was chicsen At 2.7384 tack

of tre center line of thoe entrance ducts ocn nll eatrances
exceyt X aad L., (Sec fig. 1.,) This lgcasiocn wro con-
stdered *co bo o prncticnl lozation fron the starndvoint of
cetvual rake either forward

dnect installations. foving the
ir LocTword wonld, of corrse, chonge $

o R 12 rneasurcd pressure
drop and the veolozity Alcstrivation.

Zolhind the ra'e tae tube was centiiuced Tor n dlstance
of twico the depth before the oir wre dircharsced inte o
larse tube ia tho MDlcewer. Tihe leagth of this tube was suf-
ficicent to assure the cornpleto turning of the fir. An oi-
trenely short tuba following the bend would have allowed
the pir to leoove the tabe bofore tho alr was ccupletely
turncd.

The two chorarteristices of tlhio eloeows which were con-
sidvred to be itoortant wore the ancunt of flow for a 7iven
~ 1

pressure dropv and ke veloeilty distribution ncross the duet
afser the bead,

RESULTS £ D DISCUSSICH

he results are nroscentod ian the following nondimon-
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and ot

e following dinensional
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an ide~rl duct with tle snne static-~pressure drop, the ldeal
duet being one in whieh all tle stntlec pressure is converte
ed into velozity heand, The static-pressure drop in the ac-
tual elbow was considered as being the drop duc to losscs

in the bvond plus the drop due to the velocity head., Whon
thic lossos throuch the elbow nre zero, the flow cocfficicnt
is unity., If the coffcctivencss of the duct were to be basod
on tho totanl-pressurc loss, unsatisfactory reosults would bo
obtaincd, as the loss of pressurce 1s aluost negligiblo and
nost of the reduction in quantity is due to uneven velocity
digtribution rather thoan total-pressurc losses,

Tho valuos of the flow coofficient F, for the various
ducts narc presented in the following tablod

TARLS I
Tdcal
E1B0Y| 51 how A 3 ¢ D E F | G
b 1 0.937 | 0,837 0,840 | 0,840 | 0,852 0,898 | 0,881
Elbow = I J X L Straight duct
Fa 0.914 | 0,866 | 0,930} 0,920 | 0,956 0,984

Since the volocity ~istribution is c¢f considerable in-
ortance, cspeecinlly for beads in front of cardburctors
’ i o )

thoe velocity distributions aro presented in figurcs 2 to 5.

Fiurcs & %«
and static-pressur
ow, noasurc. ot ¥

5 18 arc the nlots of tho total-pressuro
¢ Arops across the oantrance duct and el-

20 Tralkl.

ot

The ndvantages of the woellerounded corner over the
squarc outcr corancr aro clcarly shown in table I, and in a
couparison of figurc 2 witlh figurc 3. The flow coofficicnt
of duct A, which is obout 10 perceat higher than that of any
of the square outecr corner bvends, 1s conclusive proof of tho
lower loss of Jucts of type A of those proportions. The
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velocity and pressure distritbution aro also much bettor — —w e -
for duet A than for ducte B, ¢, or D,

These data do not agreo with tho conclusions arrived
at in rcfercnce 1, apparcnily because the invalid assnump—
tien was mnde that the losscs of the two elbows would main-
tain their relative vnlues whon the agspect ratio ard other
proportions werc changed from those testod. This assumption
need uot be true as the losses of the two elbows may be
ertirely different in nabture and, thereforno, te affocted
difforently by the duct proportion, Therofore, although the
elbow with sguarc outcr corner wrs foundi bolter at low
aspect ratio than the well-ioundcd corner (refercnce 1),
it does not follow that the square outer corncr was also
Totior at high acspoct ratios,

The accelorating duets B to X, inclusive, were
designed with the ideca of improvinz the air flow Ty creating
a favorablo pressure gradient through tho elbow by acceler—
ating tho 2ir as it rounds tho cornor, Unfortunately the
losses in oxpandizs tha air back to the original arca aro
generally grcater than the decrcass in loss through the
bend,

Bernds F and & wore attempts to overturn the air in
order to roduce the boundary layer on the insiije wall,
(Soo refarence 2,) Sibow G guccoeded in reaucing the
boundary layer on tle insile w7all oven below that of
elbow 1, Dbut the losses werc consideradbly greater than
those of elbow 4, Another means of relucing the bouwndary— - -
layor taickness on thc inside wall ani maling vhe flow more
nearly symtotrical was to make the woclo CYwmAnNA0on on
tho outer woll, loiviag the inner wall eoroil % nlter the

<

turun Aivows ow, Iy ava J o are varciocang of thts. Llhow J
~ T T oy T £y v N T A X P

WS Loug DUy Ly -"\‘Lt( MRVIRG AR ¢ B A W b TR i{ [ANdEe} l., f:.,.S e].bOW

s dstriowtion than ¢idow A, with only
Wtly 1lcwoar flow coefficicat,
wroehteristics oFf elbows E 2nd I are pot
vie L o with thiogn of Lhn othor oilbowmg., as tho
Vo entvoues was graal thar that
i3 astually o version of i he
s

. S
L BLAITAY )
o . S P S T . ~
ha oheors LoLne oall

v W
*
er~ui torn wathzud v Alzddvanvage of

£ e vanzsion,
Uidornouatoly toss tynoe 1¢ selion rractical, 2s It rocuircs
a reiuntion in tho cross—scetionnl area of the duct through

the cibhow,



The eclbows A

, vy and L, which werc the best of those
tested, arc no®t necosaoarily thoe best clborrs tant cnan be
node., Scoveral ckhanges cnit be mmde on eclbow A, which
would incrense tle flow efficioncy., Incrcasing the radias
has been shown te decrcasce the loss (reforence 1). Incrons.-
ing the aspeced ratios, the width divided by the depth, has
clso btecn fouund to decercase the losscs,. (See references 2
ani X, ) '

The value of gaide vancs irn ducts of thosc pronor-
tiong is doubtiul, since tuc anin velus of guide vances is
in bends of vory low nspeet ratleo or whcre very sharp
bonds arc requaired. When good proportions can be uscd in
the elbow, tho losses nre co low that very 1ittle, if any-
thing, con be goined Ty ke use of suild: vancs,

COWCLUSICLUS

1, A wollerounded “1bow with aspcoet ratio of 2,57
had considerbly Llower losscs and Yotter voloclity distri-
bution than onc witlh sqguare outur corners of tho snunc proe-
portions :

Ze AN ncccleranting oluow of onc itype resulted in a
better veloelty distribution beyond the olbow then nny of
the othor elbows tested hoving the same cntrance and cxit
duct nrecas. This wae accoupnnicd by only o very slight
ianercnsc in losc,

3 An nccelerating clbow having a smaller exit duct
than entrrnce Juct vas found %o have the lowost lossce of

f)

~ny tested,

4, Although those tests indicnted thot cortain cldbows
woere sumerlor norodynanically Yo otlhiers, there is 10 proof
as yet thot tl.ey will provide bDetter carburebor operat’.onal
chnrncteristics; in fnct, rensrts 4o the conirary are preve
nlent, The work that is continuing along these lincs should
do nuch to elnrify unnny urknovns thrt zow exist in the appli-
cntion of cduct desisn

3~ ®

Langley imorinl Acerornaunticnl Leoborstory,
Tationnl Advicory Committcee for Ae:oxuutl
Lenzley Ficld, Vo,
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Figure 18.- Pressure distribution across duct behind elbow L. Pressure
drop measured at §z = 6.96 inches of alcohol.






